Analyses of feces, stomach contents, and regurgitated pellets are common techniques for assessing diets of vertebrates and typically contain more than 1 food item per sampling unit. When analyzed, these individual food items have traditionally been treated as independent, which represents pseudoreplication. When food types are recorded as present or absent, these samples can be treated as multinomial vectors of food items, with each vector representing 1 realization of a possible diet. We suggest such data have a similar structure to capture histories for closed-capture, capture-mark-recapture data. To assess the effects of landscapes and presence of a potential competitor, we used closed-capture models implemented in program MARK into analyze diet data generated from feces of swift foxes (Vulpes velox) and coyotes (Canis latrans) in northwestern Texas. The best models of diet contained season and location for both swift foxes and coyotes, but year accounted for less variation, suggesting that landscape type is an important predictor of diets of both species. Models containing the effect of coyote reduction were not competitive (DQAIC c 5 53.6685), consistent with the hypothesis that presence of coyotes did not influence diet of swift foxes. Our findings suggest that landscape type may have important influences on diets of both species. We believe that multinomial models represent an effective approach to assess hypotheses when diet studies have a data structure similar to ours. DOI: 10.1644/07-MAMM-A-291R1.1.
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Historically, swift foxes (Vulpes velox) were abundant across the shortgrass and midgrass prairies from southern Canada to west-central Texas and eastern New Mexico (Egoscue 1979) . Beginning in the mid-19th century, numbers of swift foxes declined rapidly with expansion of human settlements, habitat destruction, and poisoning used to control depredation of livestock by wolves (Canis lupus) and coyotes (Canis latrans -Egoscue 1979; Hines 1980; Scott-Brown et al. 1987) . Populations of swift foxes may have increased slightly in the mid-20th century as use of poisons was reduced, but populations remain depressed (Egoscue 1979; Kilgore 1969; Samuel and Nelson 1992; Scott-Brown et al. 1987) . Questions about the ecology of the swift fox and a general concern for its conservation remain (Schauster et al. 2002; Scott-Brown et al. 1987) .
Numerous studies have documented the direct impact of coyotes on populations of swift foxes. The largest documented cause of mortality of swift foxes is depredation by coyotes (Carbyn et al. 1994; Covell 1992; Kamler et al. 2003; Matlack et al. 2000; Sovada et al. 1998) . However, killing of swift foxes by coyotes was not typical predation; swift foxes were killed and buried, but coyotes did not appear to consume them (Kitchen et al. 1999; Matlack et al. 2000) . Several studies have w w w . m a m m a l o g y . o r g demonstrated that removal of coyotes results in changes in the local faunal community (Henke 1992; Henke and Bryant 1999; Linhart and Robinson 1972) . Change in diets of swift foxes following removal of coyotes also suggests that coyotes have indirect effects on the foraging behavior and diets of swift foxes (Kitchen et al. 1999) .
Numbers of swift foxes have declined in association with conversion of shortgrass and midgrass prairies to agriculture, leading some to suggest that swift foxes may be habitat specialists (Egoscue 1979; Kamler et al. 2003; Matlack et al. 2000; Scott-Brown et al. 1987 ). However, a lack of understanding exists about the effects of habitat on populations of swift foxes. Habitat did not affect survival or diets of swift foxes in Kansas (Sovada et al. 1998 (Sovada et al. , 2001 ). However, Matlack et al. (2000) found that swift foxes in habitats consisting of dryland agriculture had lower body condition and higher mortality than those in grassland habitats. Furthermore, Kamler et al. (2003) found that swift foxes in northwestern Texas completely avoided irrigated agricultural habitats and used dryland agricultural habitats and conservation reserve fields substantially less than expected. Taken together, these studies suggest that swift foxes may be grassland habitat specialists (Kamler et al. 2003) . Because of the potential relationship between habitat and population dynamics of swift foxes, we were interested in the relationship between habitat type and diets of swift foxes. Landscape type and presence of a potential competitor may both affect diets of swift foxes, which may in turn affect body condition and survival. The focus of this study was to determine whether 1 or both factors were important predictors of the diets and body conditions of swift foxes.
The most commonly used technique for assessing diets of many vertebrates has been analyses of different types of feces, regurgitated pellets, or stomach contents (Litvaitis et al. 1996) using contingency tables (Azevedo et al. 2006; Glen and Dickman 2006; Phillips et al. 2007 ), analysis of variance (ANOVA-Badzinski and Petrie 2006; Zeppelin and Ream 2006) , or similar techniques. Numerous studies have documented problems with estimating dietary intake from these types of samples, however, and have offered methods for making estimation more accurate (Floyd et al. 1978; Kelly and Garton 1997; Lockie 1959; Spaulding et al. 2000; Weaver and Hoffman 1979) . We are unaware of any study addressing how dietary information such as these should be analyzed quantitatively.
We use multinomial models developed for analyzing capture-mark-recapture data from closed populations to assess hypotheses about the diets of swift foxes and to estimate contributions of particular food items to the diet. Similar analyses have been used to model and estimate occupancy rates using presence-absence data (MacKenzie et al. 2002 (MacKenzie et al. , 2006 , which is analogous to presence or absence of food items in diet samples. No previous study has assessed diets among vertebrates by this method, which therefore requires background and justification.
In most diet studies, sampling units (i.e., feces, stomach samples, or pellets-Sokal and Rohlf 1999; Zar 1999) typically contain more than 1 food item (Bonesi et al. 2004; Kamler et al. 2007a Kamler et al. , 2007b Phillips et al. 2007 ). Traditional analyses assume that multiple food items within the sampling unit are independent of each other. Individual variation in habitat use, dietary preferences, or spatial or temporal correlation in the availability of food items makes it unlikely that individual food items within a sample are truly independent (Thomas and Taylor 1990) . Furthermore, each sampling unit (i.e., scats, stomachs, or pellets) now appears in the analysis more than once, accounting for the multiple food items within the sampling unit. Failure to account for dependence among food items violates the assumption of independent responses and therefore represents pseudoreplication (Hurlbert 1984) .
We envision 2 general levels of diet data. First, if food items are quantitatively measured, as percent by weight or percent volume for each sample, then each sample can be treated as a multivariate vector whose dimension is defined by the number of types of food items in the study. Multivariate statistical procedures would be appropriate for such data.
Second, data from diet studies often are in the form of presence-absence data (1 for presence of a particular food type and 0 if absent). Such data can take the form of a series of 1s (items present) and 0s (items absent) from each sampling unit, producing a vector of the form ''01100010'' for a situation where there were 8 distinct food categories available in the sampling unit. This data form is identical to that for closed-capture capture-mark-recapture studies, which can be analyzed using maximum-likelihood approaches for multinomial data (Otis et al. 1978) . Each individual in a capturemark-recapture study is treated as a unique sampling unit with its own capture history consisting of 1s and 0s for encounter and nonencounter, respectively. In a capture-mark-recapture study an encounter probability for each occasion is estimated (Williams et al. 2002) . For dietary data the encounter probability would be interpreted as the proportion of individuals containing a particular food item.
Our study to determine how landscape type and presence of a potential competitor influence diets of swift foxes was completed in northwestern Texas. We collected feces (i.e., scats) of swift foxes and coyotes from January 1999 to December 2000 during all seasons and across 2 landscape types in the region. Coyote numbers were reduced on 1 site in 1 year, allowing us to assess the impact of coyotes on diets of swift foxes and coyotes. We use model selection techniques (Burnham and Anderson 2002) to address hypotheses about how landscape type and coyote density affect diets of swift foxes. In particular, we addressed the hypothesis that diets of swift foxes varied between habitats and in response to presence of coyotes. (Kamler et al. 2003 ) and provided us with the opportunity to document the impact of coyote abundance on diets of swift foxes. The Rita Blanca National Grasslands site was flown 4 times in year 2000 at approximately 3-month intervals (i.e., winter: January-March; spring: April-June; summer: JulySeptember; and fall: October-December). During each of the 4 periods, coyote removal by shooting occurred for approximately 12 h over a 3-to 4-day period. Coyotes also were removed from a buffer zone approximately 2 km in width around this study site. A total of 227 coyotes were removed from this area (winter 5 97, spring 5 54, summer 5 13, fall 5 63), which resulted in a 56% decrease in relative abundance of coyotes from pre-to posttreatment (Kamler et al. 2003) .
MATERIALS AND METHODS
Scat collection and preparation.-We collected scats during each of the 4 seasons from January 1999 through December 2000. Four 2-km transects per study site were walked once each season. Transects within study areas were separated on average by 2.5 km covering the majority of the study areas, and all were sampled within 2 days. A minimum of 20 scats from swift foxes and coyotes were collected during each season at both study sites. We also collected scats at den sites and opportunistically in some seasons to achieve a minimum sample size of 20 scats per site per season. Scats were identified to species according to size and shape (Murie 1974) and were individually bagged and labeled with date, season, and location.
Following collection we placed scats in nylon mesh bags and soaked them in warm water with detergent for 30 min in an automatic washing machine. Following soaking, bags were washed for 2 cycles and allowed to air dry. Once bags dried we opened and identified the food remains. Reference collections and keys for teeth and hair were used to identify prey remains (Gilbert 1990; Moore et al. 1997) . To minimize bias associated with overestimation of food items in diets of carnivore, trace items (i.e., items comprising , 5% of individual scats) were excluded from analysis (Kelly 1991; Knowlton 1964) .
Body size.-Swift foxes were captured during fall and winter 1998, 1999, and 2000 using Havahart cage traps (Woodstream Corp., Lititz, Pennsylvania). The following information was collected from each individual: body mass, body length, tail length, sex, reproductive condition, age class, and injury type and severity, if any. Foxes were aged based on tooth wear and classified as adult (!1 year old) or juvenile (,1 year old-Gier 1968). Our research protocol was approved by the Texas Tech University Institutional Animal Care and Use Committee.
Statistical analysis.-Food items were identified and separated into 1 of 8 categories: insects, small rodents (average body mass , 100 g), large rodents (average body mass . 100 g), lagomorphs, ungulates, birds, crops, and vegetation. Thus, we characterized each scat by a vector of 8 different 1s and 0s, representing presence or absence, respectively, of food items from each category. For example, the following multinomial sequence, 11000001, would indicate that a fecal sample contained insects, small rodents, and vegetation but not large rodents, lagomorphs, ungulates, birds, or crops. In a closed-capture capture-mark-recapture study data are assumed to be multinomial; for each encounter occasion probability of encounter is estimated using maximum likelihood (Williams et al. 2002) . We also assumed a multinomial data structure and estimated for each food type the probability it was present in the average individual. Our analyses required the following assumptions: scats represented independent samples of the diet, food categories were equally available to all individuals within class (e.g., swift foxes in the control site in spring 1999) analogous to equal encounter probability among individuals in a standard closed-capture analysis, and dietary items within samples were identified correctly.
We analyzed diet data using Huggins' (1989) models (equation 1) for closed populations within program MARK (White and Burnham 1999) . We used Huggins' (1989) models because such models condition population size out of the likelihood and population size was not meaningful for our data structure. The full likelihood was:
where p ij was the probability individual i consumed food type j. The data structure consisted of j 5 1, …, 8 food types of which could have been consumed by individuals i, …, K. Each food type had to have been consumed at least once to be included. For each capture occasion, x ij 5 1 if i is encountered and 0 if not encountered on occasion j (Huggins 1989) . We then constrained initial encounter probability (p i ) to equal reencounter probability (c i ). Traditional closed-capture capture-mark-recapture analyses allow differences between initial encounter and reencounter probabilities representing behavioral responses to capture, which was not meaningful in our analyses. To control for correlation among food items we calculated the overdispersion parameter ĉ using a goodness-offit statistic as recommended by Anderson et al. (1994) , Burnham and Anderson (2002) , and Williams et al. (2002) . Use of the parameter ĉ is conservative, and this conservative nature increases with increasing ĉ-values (Anderson et al. 1994) . Therefore, the use of this parameter in our analysis should result in conservative estimates of model performance, and precision of parameter estimates. We calculated ĉ as 3.1815 using a goodness-of-fit statistic. Therefore, we used quasi-AIC c (QAIC c ) values throughout our analysis.
We built several models to determine which variables best described diet of swift foxes and coyotes. We included variables species, year, season, and landscape type in our models. Because coyote removal occurred in 1 landscape type only during the 2nd field season, we examined the hypothesis of coyote effects on diets of swift foxes using the performance of a model containing an interaction among species, year, and landscape. That is, if abundance or density of coyotes affected the diets of swift foxes, we expected diets of foxes to change only in the landscape where coyotes were removed relative to diets of swift foxes in the same landscape the previous year and in other landscapes in the same year. We used the performance of the models containing either an interactive or additive effect of landscape to assess the hypothesis that landscapes affected diet in either or both species. We used the same data set as that of Kamler et al. (2007a Kamler et al. ( , 2007b in a combined analysis to determine what factors were important for the diets of swift foxes and coyotes. Kamler et al. (2007a Kamler et al. ( , 2007b ) used a contingency table approach to determine factors affecting diets of swift foxes and coyotes. This approach, as discussed above, has serious problems with pseudoreplication. Therefore, we compared our results using a capture-markrecapture approach to that conducted by Kamler et al. (2007a Kamler et al. ( , 2007b to assess what affects this new analysis had on our conclusions.
We first built a fully parameterized model that included all 4 variables. Next, we individually removed season (i.e., species*year*location) and year (i.e., species*season*location) to simplify our analysis and focus on our 2 main hypotheses, effects of coyote density and landscape type.
Body mass, body length, and relative body mass (body length/body mass) were compared across sexes within landscape types and across landscape types within sexes using Student's t-tests (Sokal and Rohlf 1999) . Statistical analyses were conducted using SAS 9.1 (SAS Institute Inc., Cary, North Carolina).
RESULTS
We collected a total 490 scats of swift foxes and 482 scats of coyotes from January 1999 through December 2000. Twenty-six taxonomic groups of food remains were identified: insects, lagomorphs (including Lepus californicus and Sylvilagus audubonii), rodents, cattle, pronghorns (Antilocapra americana), birds, crop seeds (including corn, wheat, sorghum, and sunflower seed), and vegetation (including grass and forbs). Small rodents identified in scats included Ord's kangaroo rats (Dipodomys ordii), pocket mice (Perognathus spp. and Chaetodipus spp.), deer mice (Peromyscus spp.), harvest mice (Reithrodontomys spp.), and northern grasshopper mice (Onychomys leucogaster). Large rodents identified in scats included black-tailed prairie dogs (Cynomys ludovicianus), woodrats (Neotoma spp.), hispid cotton rats (Sigmodon hispidus), pocket gophers (Cratogeomys spp.), and ground squirrels (Spermophilus spp.; Appendices I and II).
We fit 13 models with 4 unique variables (species, year, season, and location) to the data (Table 1) . The only competitive model (i.e., 4 QAIC c ) contained an interaction between species, season, and location, suggesting that landscape type was the most important predictor of diets of swift foxes and coyotes. This model accounted for more than 99% of the model weights. Our 2nd-best model (DQAIC c 5 18.6591) included a species by location interaction. Overall, we interpret these results to indicate that diets varied substantially with season within species and that landscape type was the most important predictor of diets in this study. The best model containing a species by year by location interaction performed poorly (DQAIC c 5 53.6685), providing little support for the hypothesis that coyote abundance influenced diets of swift foxes in the study area.
Model-averaged parameter estimates indicated that insects and small rodents comprised the majority of the diets of swift foxes ( Figs. 1 and 2) , whereas the diets of coyotes were more diverse and included insects, small rodents, large rodents, and lagomorphs in approximately equal proportions (Figs. 3 and  4) . Our model-averaged estimates also revealed that most variation in diets of both canids was explained by season and location, and annual differences accounted for a relatively Interactive models are designated by an asterisk (*) between factors, and additive models are designated by a plus symbol (+) between factors. For all models the probability of capture (p i ) equals the probability of recapture (c i ). b MW 5 model weights estimated using program MARK. c K 5 number of parameters in model.
small amount of variation in the diet. Overall, insects occurred most often in the diet of swift foxes throughout the year, and small mammals commonly occurred in summer and fall ( Figs. 1 and 2 ). Coyote diets were composed primarily of mammals, including small and large rodents and lagomorphs in approximate equal proportions, whereas insects were common during the summer season only (Figs. 3 and 4) . Both swift foxes and coyotes included proportionally more insects in their diets on grassland landscapes, consuming more small rodents, large rodents, and lagomorphs on fragmented landscapes (Table 2) .
We observed strong seasonality in diets of swift foxes in grasslands. Use of small mammals peaked in the spring of both years, and use of insects peaked in fall (Fig. 1) . Seasonality in diets of swift foxes was less predictable in the fragmented landscape, although use of small rodents peaked during summer of both years (Fig. 1) . Seasonality in the use of large rodents by swift foxes was less apparent in both landscapes (Fig. 1) . For coyotes in grassland, use of insects peaked sharply during summer of both years (Figs. 3 and 4), and this pattern was similar but less pronounced for both small and large rodents (Figs. 3 and 4) . In contrast, coyotes in the fragmented landscape consumed small rodents most and insects least in winter of both years (Fig. 3) . Lagomorphs peaked in the diets of coyotes in fragmented landscapes during spring of both years (Fig. 4) .
Differences in body size were apparent when testing between landscape types by sex (Fig. 5) . Female swift foxes occupying the fragmented landscape had a larger mass (t 15 5 4.317, P , 0.001) and a larger relative body mass (t 15 5 3.757, P 5 0.002) than those occupying continuous grassland landscapes. No differences were recorded in body length (t 15 5 1.214, P 5 0.243) of females between the 2 landscape types. No differences were recorded for body mass (t 15 5 0.140, P 5 0.891), relative body mass (t 15 5 20.270, P 5 0.791), or body length (t 15 5 0.653, P 5 0.524) for male swift foxes between landscape type.
DISCUSSION
Over at least the last half century the most common technique for assessing diets of vertebrates has been collection and analysis of fecal, stomach, or pellet samples, or a combination of these. However, these samples typically contain more than 1 food item per sampling unit (Bonesi et al. 2004; Miyasaka et al. 2003; Pechacek and Kristin 2004; Phillips et al. 2007; Post 2003; Vander Zanden and Vadeboncoeur 2002) . Traditional data analyses consist of the Pearson chi-square test for independence, ANOVA, or other similar techniques. These techniques are generally inappropriate because of the multiple responses and correlation among food items (Hurlbert 1984 A previously published analysis of data on the diets of swift foxes and coyotes in northwestern Texas using traditional approaches suggested that both coyote density and landscape type were important predictors of diets of swift foxes (Kamler et al. 2007a (Kamler et al. , 2007b . Our reassessment of these data using the capture-mark-recapture multinomial modeling approach reinforced the idea that landscape type influenced prey use by swift foxes but failed to detect an important effect of coyote density on diets of swift foxes. The results from our capturemark-recapture models did not support the suggestion from Kamler et al. (2007a) of dietary competition between swift foxes and coyotes, which was likely an artifact of their inappropriate analytical methods.
Our analyses also revealed that female but not male swift foxes occupying fragmented landscapes were in better overall condition based on body mass and relative body mass than were swift foxes in areas of continuous grasslands. Female swift foxes are philopatric, whereas males disperse, and the similarity in body size for male foxes captured in the 2 landscapes may have been related to their exposure to a diversity of prey in varied habitats during the dispersal period. A number of studies have reported that variation in the abundance and availability of prey (particularly small mammals and lagomorphs) strongly influences reproductive success and population size among several species of foxes (Cypher et al. 2000; Harris 1979; Kolb and Hewson 1980; White et al. 1996) . Our results indicated that swift foxes consumed a greater diversity of mammalian prey in fragmented compared to continuous grassland landscapes, which contributed to overall better body condition for female foxes. Body condition links to survival and reproduction in foxes (Cypher et al. 2000) , and our results therefore suggest the potential for landscape characteristics to have an important influence on the population dynamics of swift foxes.
In summary, we suggest that many of the traditional approaches used to investigate diets in wildlife studies are inappropriate by failing to account for the lack of independence when the sample units (scats, pellet, and stomach contents) contain multiple food items. We used multinomial models developed for capture-mark-recapture data to reassess information on the diets of swift foxes and coyotes from a study completed in northwestern Texas. Our results suggest that the evidence of competition between swift foxes and coyotes reported by Kamler et al. (2007a) may have been an artifact of inappropriate analytical methods. We recommend that quantitative procedures used to analyze diet from scats, pellets, and stomach samples account for the inherent pseudoreplication associated with these types of data. When past diet studies have the potential to alter fundamentally our understanding of biological systems, or have important relevance for management, we recommend that they be revisited using more appropriate analytical methods.
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